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Social comparison, in which p epl e galuat ¢h & opinions and abiliti & by comparing th & with th eopin-
ions and abiliti & of oth s, is a ¢ atral f atur .©f human social lif ePr mious work has highlight d th dmpor-
tanc ©f social comparison in r ward proc ssing, How ¥ g th &im ecours f th social comparison § et in
outcom e galuation r mains larg by unknown, Th gurpos f this study was to #plor 4o what xt at brain
activity is modulat @ by social comparison b #w ep an individual and th & anonymous partn & Ev Bat-
r kat d pot atials (ERPs) w & an asur d whil eh gparticipants vi w d th & own and th & partn s gain
and loss outcom & bas d on th & p #formanc dn a dot sgtimation task, Analysis of ERPs r ¥ al d that th e
f edback-r lat d n gativity (FRN) amplitud «diff 2 ac 8 b sw en gains and loss &8 w & anot modulat d by
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ERP social comparison, In contrast, th €300 was larg &for gains and show d an # et of social comparison ind e
FRN p ad atof f edback val ac 2A lat «ompon at, th dat gositiv got atial (LPP), was also modulat d by so-
P300 cial comparison, but it was ins asitiv eto f edback val ac e Th edata sugg st that social comparison
Lpp modulat & outcom e ¥aluation at s ¥ #al points in th einformation proc gsing str am, Social comparison

has no # et on th e arly coars e ®aluation stag ebut modulat & th dat ecognitiv aff etiv eppraisal and
r «appraisal proc s & Th & dindings provid @1 @rophysiological ®id ac dor th dmportanc f social com-

parisons in outcom e ¥aluations by th diuman brain,

© 2012 Els ®i 2BV, All rightsr & #v 4.

1. Introduction

Social comparison is th eproc &s through which p epl ecom eto
know th ms v gby ®aluating th & own attitud s, abiliti & outcom s,
and b B £ in comparison with oth & (Wood, 1996), Sinc & gting &s
first proposal of social comparison th ery (F sting & 1954), work on
social comparison has b ea growing, R & arch on social comparison
has d ¥ op d into a compl % ar @ @mcompassing cognitiv em eha-
nisms and applications (Buunk and Gibbons, 2007; Fazio, 1979;
Fishb & gal, 1963; Gibbons, 1999; Gr epb ¥ £ al, 2007; Kumar,
2004; McCr ary and Sauci & 2009; Po s&chl, 2001; Rubl e gal, 1980;
Stap kand Marx, 2006; Z H and Alick £2009), Social comparison has
b ea r eogniz @ as an important social psychological ph aom aon,
and xt psiv e fort has b ep d wot d to und gstanding its caus & and
th & cognitiv eand motional cons gu ac & How ¥ & v &y littl eis
known about th en wral m ghanisms und gying social comparison
and how it aff ets and illuminat g outcom e galuation,

R e Bt studi & in social n ®rosci ac dav & gun to id atify brain
n gworks involv d in social comparison, Evid ac efrom imaging r e
s arch sugg sts that brain activity in r ward-r kat dr gionsis aff et d
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by cont xtual information about th @th &p &on's paym at, Sp eifical-

ly, th activation in th ilat gal v atral striatum, ar gion knowntob e
critically involv @ in r ward proc gsing, was low st for wh a | &s

mon ¥ was arn @ wh a compar d to th eoth g play & follow d by

th «ondition of gqual paym at, Activation was high & wh g a partici-

pant arn @ mor anon ¥ than th eoth gplay £ Th o f et of r lativ e
comparisons is ind p ad at of th el ¥ kof paym at (high or low)

(Fli gsbach gal, 2007). Social comparison has also b ea shown to b e
r kat dtoactivation of th lorsal striatum, midbrain/thalamus, ant gor

insula and m dial pr fontal cort ¥ (MPFC) in an int gactiv gsimulat d

social cont #t (Zink fal, 2008), sugg sting a rol ®f social comparison

inr ward proc ssing, A study using b etro ac phalographic (EEG) r e

cordings id atifi d ¥ at-r kat d brain pot atial (ERP) corr kat & with

this social comparison & et, Both disadvantag eus and advantag eus

un gual payoff Mkcit d a larg & lat en gativ ecompon at (LNC), b ¢

tw ed 550 and 750 ms, wh a compar d to gqual payoff conditions

(Qiu eal, 2010), Sourc @nalysis r ¥ al d that th g a rators of th e
LNC w & docaliz € n ar th eaudat enucl gs, This r sult is consist at

with imaging studi & that show d th dnflu ac <of social comparison

on outcom e ¥aluation wh B mon #ary r ward was involv g,

Most r & arch on social comparison has focus d onth 4 gral m eh-
anisms of r ward proc gsing, sp eially positiv er wards ( ., gains).
Onlyr e ptlyhav ¢ & arch s b guntoaddr ssth dact that social com-
parison usually aris & wh & p epl ar dacing adv ssity or unfortunat e
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circumstanc & ( €, loss & or punishm at), In an fMRI study, for xam-
pl er & arch gsinv stigat d th emotional and n wral r gpons & associ-
at d with upward social comparison (comparison with thos ewvho hav e
mor ¢ and downward social comparison (comparison with thos ewvho
hav €l gs) (Dvash #£al, 2010), Int  stingly, ¥ B8 wh 8 participants
lost mon ¥, th ¥ #pr ss d joy and schad afr ud e(gloating) if th e
oth pplay ehad lost mor gnon ¥ Onth ©th ghand, wh B th ¥actual-
ly won mon ¥, but th @th eplay #had won mor gth ¥ ®pr & d avy.
This patt snwasr f et dinth activiti #of th & atral striatum, Th & e
r sults highlight th e motional cons gu ac gof social comparison in th e
loss domain, L &s clarity, how ¥ & xists about th gim «ours ©f brain
r gpons &to th social comparison # et of loss &

To addr gs this qu gtion, th epr & at study us d EEG r gordings
aim @ at xploring th &im ecours «f th eocial comparison § et on
outcom e galuation wh a both positiv .@nd n gativ ¢ wards w g dn-
volv d. W av p dnt g st d in how social comparison aff ets diff & Bt
stag ginth groc &s of outcom eyaluation, According to pr ¥ious n @-
rophysiological studi & two ERP compon ats ar garticularly s asitiv e
toth @sp etsofr wardand p gformanc @utcom gl'h irst compon st
is call df edback-r lat d n gativity (FRN) or m dial-frontal n gativity
(MFN), which is a n gativ ed 8 etion in th efrontoc atral r eording
sit & that r @ach & maximum amplitud & #w en 250 and 300 ms fol-
lowing th eons £ of f edback stimulus (G hring and Willoughby,
2002; H Hmann #al,, 2008; Holroyd and Col & 2002; Holroyd #al,
2004; Miltn & #al, 1997; Ni sw ghuis #al, 2004a; Yu and Zhou,
2006a, 2006b, 2009). FRN is mor gronounc d wh a th & ar e gors,
conflicts, un xp et d punishm ats, and n gativ & edback, On «of th e
most influ atial th eri & propos @ that FRN r f ets a r inforc m Bt
| arning signal associat @ with pr diction #rors, gp eially wh a out-
com gar awvors dhan xp et d (Holroyd and Col & 2002). It has also
b en propos d that FRN r f# ets motivational/aff etiv er gpons & to
n gativ 4 edback (G hring and Willoughby, 2002),

Particularly r k®ant for th ecurr at study, pr gious studi & hav e
shown that th groc ssing of p gformanc 4 edback in an obs #vation
situation, in which f edback do gnotr £ gto th garticipant'sown p &
formanc éut to th ¢ #ormanc f anoth eplay & yi ks similar FRN
amplitud & as in activ «onditions (Kobza #al, 2011; L Bg and Zhou,
2010; Yu and Zhou, 2006b), How ¥ & oth estudi &r port d r duc €
FRN amplitud & in obs svation conditions (B B baum £ al, 2010a;
Fukushima and Hiraki, 2009; Itagaki and Katayama, 2008). It should
b ot d that in all pr gious studi & ®amining f edback proc gsing in
anobs svation condition, th @ositiv ., gains or corr gt) orn gativ e



Y. Wu et al. / International Journal of Psychophysiology 85 (2012) 145-152 147

response

confirm

1200 ms

Time 1000 ms

Fig. 1. Exp sim atal task, Subj ets participat d in a dots- gtimation task adapt d from
th &li gsbach gal. (2007) study. Each trial b gan with a scr e showing b #w ea 20
and 48 whit edots for 1500 ms, This scr eg was r plac d by a numb & that was +1
from th enumb g of dots pr xiously shown, Th eparticipant had to d eid ewh th &
h &h dad s en mor cor f w & dots than this numb & Th gparticipant indicat d his/
h pansw #s using a joystick, A r spons «hang d th ecr ea display, which th a dis-
play d th & ket d r gpons dor 300 ms, Aft ga 700 ms d Ry, a f edback scr ea was
display d for 1200 ms. This scr ea r ¥ @l d to th eparticipant wh ¢h & h &h eand
his/h & partn & w & ecorr et (indicat d by a “+” sign) or not (indicat d by a “—"
sign) as w H as th eamount of mon ¥ th ¥ arn 4 or lost in this trial,

2.3. Experimental design

Th exp ®im at had a 2 (f edback val ac egain or loss) by 3 (r -
tiv eamounts: 1:1, 1:2, or 2:1) within-participant factorial d sign, in
whichw gnanipulat dth ¢ lativ amounts of gain and loss for th gar-
ticipant and his/h & partn & (th eps &do-participant, who was a r e
s arch assistant), Th ef edback could b e #¥h g a gain (wh B th e
participant mad e corr et r spons & or a loss (wh & th gparticipant
mad @anincorr etr gpons & Wh nboth play & had a gain, th & kativ e
amounts of r ward for th garticipant and his/h epartn gcouldb ®n e
of th ehr eeconditions: +60/4-60, +60/4 120, or +120/+ 60, with
th @aumb gb for ¢h dorward slash indicating th .@mount for th gar-
ticipant and th eaumb gaft pth dorward slash indicating th .@mount
for th gartn 8 Wh abothplay &1 e & daloss, th ¢ Rativ amounts
of punishm at for th garticipant and his/h g partn &could b ©n of
th ethr eeconditions: —30/—30, —30/—60, or —60/—30, with th e
numb gb for g¢h dorward slash indicating th .@mount for th gartici-
pant and th eaumb gaft gth dorward slash indicating th @mount for
th gartn & Th gain-to-lossratio ofth @mountwass gat2:1,inaccor-
danc awith classic d eision-making lit gatur ewhich sugg sts that th e
impact of n gativ eoutcom g is larg & than that of positiv eoutcom &
by a factor of two (Kahn man and Tv ssky, 1979; Tv #sky and
Kahn man, 1981). To mak ¢h e ®p sim atal s tup mor g alistic, th e
+60/—30 and —30/+60 f edback w & also includ d for th «ondi-
tions in which th garticipant mad @ corr et/incorr ¢t r gspons awhil e
his/h & partn #mad @n incorr gt/corr et r gspons £Th & gwo condi-
tions w & e xclud d from th sstatistical analysis b eaus ¢h ¥ did not
contribut ¢o th ®bj etiv s of this study,

2.4. Procedure

Each participant was introduc d to his/h gpartn gwh ab ingl d
to th &EG lab, and no furth & communication was allow 4. Aft ga
bri £d scription of th e xp #im at, EEG s asors w & attach d and

ach participant was giv a d #ail d task instructions, To b eom e
familiar with th etask, participants w & «giv & a practic élock con-
sisting of 20 trials, Following th epractic e participants w & etold
that th ¥ would arn “¥12” or “¥0.6” for ach corr et r gpons e
and los £“¥03” or “¥0.6” for ach incorr et r gpons £Th &, th ¥
w g dnform d that th & kativ .eamounts of gain or loss for th gartic-
ipant and his/h g partn &2 would b das d on th @& r kativ & spons e
tim (to r duc eparticipants' f eking of b ing tr at d diff & atly for
th esam ep gformanc ¢ Thus, participants could arn th emost by
making th & r gpons & as accurat ly and quickly as possibl eTh dn-
structions mphasiz d to th eparticipants that th & r gpons & had
r 2l outcom & and mon ¥ would b egiv 8 or tak & according to
th & own p gformanc s, irr sp etiv ef th & partn &' payoff,

At th & ginning of ach trial, th eparticipant saw a black scr ea
with a varying numb & (20 to 48) of whit «lots for 1500 ms, Imm di-
at ly th g aft & anumb gwas pr & Bt d that was 41 from th gaum-
b eof dots that had b ea shown, Int & stingly, in th &li gsbach gal.
(2007) study, th enumb g diff & d by 20% from th enumb & of dots
pr giously shown, r sulting in a high accuracy rat eof 81%, A pr & st
using anind p ad atsampl ©f 10 participants show d that,on av &
ag eapproximat by 60% of trials w & solv d corr etly at this difficulty
| ¥ k thus assuring a suffici at numb g of n gativ e ¥ ats for ach
block of trials, Each participant had to d eid ewh th & h &h ehad
s ep | &s or mor «dots than indicat d by th enumb & shown on th e
scr en, H &h eindicat d his/h g answ g by m ans of joysticks, A
r spons echang d th escr ep display, and th es ket d option was
highlight @ for 300 ms as a r gpons «f edback, Aft ¢ a 700 ms
d lay, a f edback scr em was display d for 1200 ms, This display
r ¥ al dtoth garticipant wh th #h &h and th gartn gw g «or-
r et (indicat d by a “+” sign) or not (indicat d by a “—"sign) asw H
as th eamount of mon yth y arn dorlostin that trial, Th & #t trial
start d aft pa tim dnt gval of 1000 ms.

Th e#p #m at consist @ of 10 blocks of 50 trials (500 trials total),
Th 4 edback val ac avas d & #min @ by participants' r gpons & with
gains for corr et answ & and loss & for incorr et answ &, Unknown
to th eparticipant, th er Iativ eamounts of gain or loss w g epr e
d £ amin d by a comput g program inst ad of r lativ & gpons &im ¢
and four typ & of outcom & for ach f edback val ac ew g of gqual
probability, As not d abov eour pr £ st with an ind p ad at sampl ¢
and th @v gag @ccuracy rat avas approximat ky 60%, Th g for ga suf-
fici st numb gof trials for ach xp sm atal condition w & assur @,

Aft p th efulfillm Bt of th ecomput g task, ach participant was
ask d to waluat eth efavorability of th e ight f edback conditions
with a rating of 1 to 7, with 1 b ing th ¢l ast favorabl eand 7 th e
most favorabl eTh gparticipant was d bri £ 4, paid, and thank d for
th i participation at th «onclusion of th etudy.

2.5. EEG recording

Each EEG was 1 eord d from 64 scalp sit & using tin b etrod &
mount d in an Iastic cap (N aroScan Inc, H gndon, Virginia, USA)
according to th elInt gnational 10/20 syst s, Ey eblinks w g e
r eord d from th el & supraorbital and infraorbital rows of ke
trod & Th echorizontal k etro-oculogram (EOG) was r eord d from
th gow of ketrod splac d 1,5cm lat gal to th 4 f and right =t &
nal canthi, All rows of ketrod ¢ eordingsw & g £ ac d onlin 4o
an xt pnal b etrod ewhich was plac d on th el & mastoid, Th ¥
w &g o £p Bc dofflin o th en an of th d & and right mastoid
r adings, Th eimp danc ewas maintain d b low 5kQ,. Stimulus
timing and r eording of b havioral data w g «ontroll d by Pr & ata-
tion Softwar &N warob havioral Syst ms Inc, Albany, CA, USA),

Th dio-signals w & emplifi d using a 0,05-70 Hz band-pass filt &
and continuously sampl d at 500 Hz/chann kfor off-lin @nalysis, Ocu-
lar artifacts w p ecorr et d with an ¥ emov m at corr etion algo-
rithm, which ®mploys a r gr gsion analysis in combination with
artifact av gaging (S mlitsch #al,, 1986). All trials in which EEG volt-
ag & ¥C ed d a thr ghold of +£70uV during th er eording poch
w g exclud d from analysis, Th glataw g das kn ecorr et d by sub-
tracting th @v gag activity of that chann kduring bas kn ®bs wsvation
from ach sampl & ading, EEG pochs of 1200 ms (with 200 ms pr e
f edback bas kn » w p e mtract @ off-lin dfor f edback-lock d ERPs,
Each poch was insp et d visually for artifacts, Th eEEG data w & e
low-pass filt £ d b low 30 Hz,

2.6. ERP analysis
To minimiz ®v glapb 8w ep th RN and oth #ERP compon ats,

such as P300, w dfirst off-lin €filt & d th &EEG data through a z xo
phas eshift of 2-30 Hz band-pass (Donk & £ al, 2005; H kmann
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tal, 2008), Th #RN was th ad fin d as th gn an amplitud dn th e
200-400-ms tim ewindow following f edback stimulus ons & To
m asur ¢h #RN § et (i, geth &iff & atial ERPr spons gton gativ e
and positiv 4 edback), diff # ac awav 8w g «r at d by subtracting
th &£RPs obs &v d following gains from th &£RPs obs & d following
loss & (aft # mploying a 2-30-Hz band-pass filt &), Th & «iff & Bc e
wav 8w p «r at ds parat ly bas d on th g kativ .amounts of out-
com oTh eFRN # et was th a8 d in d as th em an amplitud eof
th & «diff & ac awav & within a window b sw ea 200 and 400 ms,
following f edback at ach ketrod sit e

Th &300 compon atwasd fin d as th gnost positiv @ akinth e
200-500-ms tim e window following f edback ons £ (without
2-30 Hz band-pass filt &). Th 4.PP (lat gositiv got atial) was wal-
uat d as th @v gag activity in th 450 ms to 750 ms tim .ewindow
aft & f edback ons & (without 2-30-Hz band-pass filt &). Th 2ERP
pot atials and tim ewindows w & éas d on pr ¥ious lit gatur and
visual insp etion of th &RPs,

Th estatistical analys & of th eFRN, P300, and LPP compon ats
w & dirstly conduct d on th dasis of broad k etrod it & with th e
f edback val ac @nd r kativ eamounts of gain or loss as two critical
factors, Th esid e(l &, midlin eright) and row of ketrod 8 w & e
th etwo topographic factors consid & d. Bas d on pr ®ious studi s,
th &3, FC3,C3, Fz, FCz, Cz, F4, FC4 and C4 Eetrod & w & dnclud d
in calculations of th e&FRN compon at, For th eP300, th eCP3, P3,
CPz, Pz, CP4, and P4 ketrod & w & einclud 4. For th LPP, th &F3,
FC3, C3, CP3, P3, Fz, FCz, Cz, CPz, Pz, F4, FC4, C4, CP4,and P4 k etrod &
w g dnclud d. Bas d on th group analys &, w ¢h as ket dth &z

k etrod gfor FRN analysis, and th «CPz k etrod efor th eP300 and
LPP analys & Th a sults did not significantly vary across k etrod &
For simplicity and sp eificity, w & port d th g sults of a singl & p-
I & ptativ e b etrod sit o

B bavioral and ERP data w g estatistically aluat d using SPSS

softwar e(v gsion 18, SPSS Inc, Chicago, IL, USA). A Gr ephous e
G iss gcorr etion for th eviolation of sph gicity assumption was ap-
pli d wh a th ed gr eg of fr edom w & emor ethan on ePost hoc
comparisons r K d upon th Bonf groni proc dur £Th esignificanc e
1 ¥ bwas s gat 0,05 for all analys &

3. Results
3.1. Behavioral results

Participants mad eorr et r gpons &in approximat by 62% (+11%)

of th etotal trials, Favorability ratings for th ediff & st f edbacks ar e
pr & at dinFig 2. A2 (f edback val ac 2gain and loss) by 3 (r lativ e

amounts: 1:1, 1:2,and 2:1) r p at d-m asur 8 ANOVAT ¥ 2l d a sig-
nificant f edback val Bc e # et on favorability ratings (F (2, 30)=

7
—8— gain
g4 —o-loss

5
4 T

tings of Favorability

Fig. 2. Th e ®¥aluation of favorability of th six f edback conditions, rank d from 1 to 7,
with 1 b ing th anost unfavorabl end 7 th amost favorabl e

51.44, p<0.001, "?pariai=0.774), with a gain outcom «(5.02+1.02)

rat d mor davorably than a loss outcom &2.56+0.95). A significant
social comparison £ et was also obs & d (F (2, 30)=6.31, p<0.01,
nzpamal: 0.296). Th dnt gaction of f edback val ac @nd r kativ ¢ay-
offs also r ach d significanc e(F (2, 30) =27.62, p<0.001, nzpamal:

0.648) (s edig. 2). Furth panalysis r ¥ al 4 that following a gain out-
com ¢ th ecomparison £ et was significant (F (2, 30)=2153,
p<0.001, n2p3n131:0,438), with a f edback ratio of 2:1 (+120/+4 60,
6.2540.85) rat d mor efavorably than th e1:1(+60/460, 541.15)

and 1:2 (+60/4120, 3.8141.47) ratios, Following a loss outcom ¢
th ecomparison £ et was significant (F (2, 30)=11.67, p<0.001,
nzpartialzo,SSQ), with a f edback ratio of 1:1 (—30/—30, 2.88 +

0.72) and 1:2 (—30/—60, 2.94+1.12) rat d mor efavorabl ethan
th &:1 ratio (—60/—30, 1.88 +1.02).

3.2. The ERP results

Fig. 3 pr & ats f edback-lock d ERP av gag & for gain and loss
f edback at th &z and CPz k etrod & Fig. 3 also pr & ats th diff &
ac ewav & obtain d by subtracting th egain from th doss for 1:1,
1:2 and 2:1 outcom gat th &z and CPz b etrod & Th N1 pot atials
(most n gativ goint in th gim ewindow of 50-150 ms), FRN, P300,
N450 (most n gativ gpoint in th &im ewindow of 400-600 ms) and
LPP w g e stract d according to th evisual impr gsion sugg st d by
Fig. 3. A 2 (f edback val ac & gain and loss)x3 (r kativ eamounts:
1:1, 1:2, and 2:1) x 3 (sid 21 &, middl eand right) x5 (row of ke
trod &: F*, FC*, C*, CP*, and P*) r p at d-m asur 8 ANOVAT ¥ al d
n #h » main # ets nor an int gaction £ et of f edback val ac e
and r kativ eamounts on N1 and N450, W eth g for er port d only
th &RN, P300 and LPP analysis r sults,

=" Loss

o

Fig. 3. Grand-av gag e ¥ at-r kat d pot atial (ERP) wav forms at th e b etrod it of
Fz and CPz and loss-minus-gain diff & ac avav satth &zand CPz b etrod sasa func-
tion of f edback val ac @nd r kativ emounts of gain or loss. F edback stimulus ons &
occurr g at 0 ms,


image of Fig.�2
image of Fig.�3

3.2.1. The FRN

A 2 (f edback val ac 2gain and loss) x3 (r kativ . aamounts: 1:1,
1:2, and 2:1) r p et d-m asur & ANOVA on FRN m an amplitud e
found a main £ et of f edback val ac ¢F (1, 15)=34.57, p<0.001,
nzpamal =0.697, wh a th #4RN compon at was mor &1 gativ «tr ading
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of larg & P300 valu & for gain f edback compar d to loss f edback,
First, th ofr qu acy diff # ac 8 b #w ea gains and loss & (62% vs.,
38%) w & ew Hb low th gypical diff & ac & that occurr d in pr ®i-
ous r & arch ( g, 75% for fr qu at stimuli vs, 25% for infr qu at
stimuli, or 80% for fr qu at stimuli vs, 20% for infr gu at stimuli),
S eond, th ecurr at findings that th eP300 was mor epronounc d
for th egain outcom e(mor efr gu at) than for loss outcom (1 &s
fr gu at), is contrary to th 4t qu acy £ et that was found in pr ®i-
ous studi & Larg & P300 following gain f edback sugg sts a rol eof
P300 in diff & atiating favorabl eoutcom & from unfavorabl eout-
com g in f edback proc ssing (Wu and Zhou, 2009),

Importantly, w dound th social comparison & etonP300tob e
ind p ad st of f edback val ac £Th & sults w g dnt g sting in that
th el:1 payoff and th &:1 payoff kcit d a larg #P300 than th el:2
payoff, On e possibl e xplanation is that th eP300 r f ets an
individual's pr £ & Bc efor gqual payoffs ov & un gual payoffs, In
oth g words, information r kat d to favorability xaluationr ¢ & &
pr £ g atial acc &s to th elimit d pool of att mtional r gourc & as
ind x d by th £300 (Gray £al, 2004). Th ¢r £ ac dor gqual pay-
off coincid & with th econc pt of in quity av &sion in th e gonomic
lit gatur ewhich impli & that p epl ehav e pr £ & ac <for fairn ss
and r sist un qual outcom & (F br and Schmidt, 1999; Rabin,
1993). This #planation also sh ds light on th e sult of th elarg &
P300 for th €:1 payoff than for th el:2 payoff in th egain f edback
b gaus ¢h edvantag eus un gual payoff (i, ¢ +120/4+60) is mor e
favorabl ethan disadvantag eus un gqual payoff (i. ¢ +60/+120).
Th epr & at b bavioral data support this sp eulation, Accordingly,
th e gqual payoffs and advantag eus un qual payoff w g erat d
mor e favorably than disadvantag eus un gual payoff following
gains, How ¥ g th efinding of a larg & P300 for th e2:1 f edback
(i. @ —60/—30) than for th e1:2 f edback (i. & —30/—60) in th e
loss f edback cannot b @iccommodat d by th davorability xaluation
hypoth sis, W éhypoth giz ehat th eamodulation of P300 by th & e
ward magnitud ds a possibl e #planation of this finding,

Th & dsacons asus that th £300 acod gth g ward magnitud e
information in f edback proc ssing, Pr gious work sugg st d thatth e
P300 cod &r ward magnitud dnformation withoutb ings asitiv 4o
outcom «al ac eand ahanc d P300 activity corr kat g with a larg &
r ward amount (Sato #al,, 2005; Y ®ng and Sanf x, 2004), Follow up
studi & found that th 4300 is s asitiv go r ward val ac @asw H as
to r ward magnitud ewith a mor epositiv eamplitud efor positiv e
f edback than for n gativ ef edback (B H baum £ al, 2010b;
Hajcak #al,, 2007; Holroyd #al, 2006; L ag and Zhou, 2010; Wu
and Zhou, 2009), Th eurr at finding of a larg & P300 for 2:1 —60/
—30 f edback than for —30/—60 f edback, sugg sts a magnitud e

¥aluation within intrap gsonal comparison inst ad of int gp #sonal
comparison, H & &, w ssugg st that th davorability aluation and
magnitud ejudgm Bt hav ean additiv eimpact on P300 amplitud e
Evid ac sugg sts b ing judg d as both th emost favorabl eoutcom e
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(Fig. 2) and of th ehigh st magnitud efor on s own outcom eth e
+120/+60 f edback Hcit dth darg st P300 amplitud ®f all th e -
p &im atal f edback (Fig. 4B).

Th eocial comparison # et on P300 sugg sts that this £ et can
app ar imm diat ly aft #th e ¥ ats com dnto conscious proc gsing
(lat mcy approximat & 350 ms), d monstrating automatic arousal
of th ecomparison impuls evh 8 th gartn #s payoff is unr kat d to
th eparticipant's final payoff, Th & e sults confirm d a pr liminary
study d gonstrating that social comparison may b .@r kativ by spon-
tan eus, fortl gs, and unint ational r action to th ¢ #formanc & of
oth g and may occur ¥ a8 wh ap epl «onsid gsuch r actions log-
ically inappropriat &Gilb gt gal, 1995).

4.3. The LPP was sensitive to the discrepancy between the individual and
the partner's payoffs

Unlik ¢h &RN and th £300 compon ats, th dat gositiv got Ba-
tial LPP was not aff et d by f edback val ac ebut it was modulat d
by social comparison, How ¥ & th esocial comparison £ et on LPP
was diff & at from that on P300, Th 4.PP was larg #wh a th garti-
cipant's outcom ehad a high # magnitud ethan his/h g partn #Ss,

£, th e+120/4+60 and th e—60/—30 outcom & Unlik ¢th &300,
th 4PP app ar d tob s asitiv 4o th arousal | ¥ kof th & edback,

A pr gious study has obs #v d that th gost sior LPP was involv d
in waluativ eproc ssing, Sp eifically, it is Hcit d wh a val ac d
stimuli ar er & Bt d in an @otionally incongruous cont &t, ., a
n gativ estimulus pr & at d in th econt &t of positiv estimuli
(Cacioppo fal, 1996), and th emplitud avas gqually high for posi-
tiv end for n gativ sstimuli (Schupp #al,, 2000), Mor ev &g it was
shown that th eamplitud eof th eLPP was larg st for stimuli that
w g eth emost arousing, pr sumably th estimuli with th egr at st
motivational r b ®anc e(Schupp & al, 2000), This finding, tog th &
with th efinding that th epost gior LPP is not val Bc ssp eific, sug-
g sts that th &LPP may not r f et th eproc ssing of waluation p &
s ebut rath gmay r 8 et d £ etion of stimuli with motivational sig-
nificanc eor downstr am cat gorical proc gsing of output from an

galuation syst m (Cunningham &£ al, 2005). R ¢ at studi & hav e
shown that th 4PPiss msitiv 4o chang g&in motional proc gsingr e
sultant from th eus eof cognitiv e motional r gulation strat gi &
lik er appraisal (Hajcak &£ al, 2006b; Kromping & £ al, 2008;
Thiruchs lvam #al, 2011), sugg sting a rol of th PP in motional
r gulation proc s &

Inth @r & atstudy, w dound that th 4.PP was mor gronounc d
for th &2:1 outcom & On gpossibility is that th & eoutcom & hav @
high arousal | ¥ k in part caus g by p &c ptual sali acy and partly
caus d by th &r atgapb sw eath garticipant and his/h gpartn #'s
payoff, Anoth g possibility is that 2:1 outcom & ar <f gr at motiva-
tional importanc do th garticipants b gaus ¢h ¥ r inforc r gious
p #formanc e al g a subs gu at r gpons e or r pr & at updat d
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paym atinformation, An alt gnativ e xplanation is that 2:1 outcom &
involv gnor eagag m atof motional r gulation proc & & On dm-
portant dir etion for futur g & arch is to syst matically compar diy-
poth & & about th dunctional rol f th d.PP in outcom e ¥aluation,
Ultimat ly, th ecurr at findings fail d to support th cypoth sis
that th gost gior LPPis a sp eial cas ®f th £300 or a sustain d £ et
of th 4300 (Crit & #al, 1995) b eaus gh 4.PP activity diff & d fun-
dam atally from th 300 £ et, Inst ad, th & & sults may indicat e
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